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HERMETIC CLOSED LOOP FLUID SYSTEM 

Related Application 

This Patent Application claims priority under 35 U.S.C. 1 19(e) of the co-pending U.S. 
Provisional Patent Application, Serial No. 60/489,730 filed July 23, 2003, and entitled "PUMP 
AND FAN CONTROL APPARATUS AND METHOD IN A CLOSED FLUID LOOP". The 
Provisional Patent Application, Serial No. 60/489,730 filed July 23, 2003, and entitled "PUMP 
AND FAN CONTROL APPARATUS AND METHOD IN A CLOSED FLUID LOOP" is also 
hereby incorporated by reference. 

Field of the Invention 

The invention relates to a fluid circulating system in general, and specifically, to a 
hermetic closed loop fluid system. 

Background of the Invention 

Many heating and cooling systems are used in all aspects of industry to regulate the 
temperature of a heat source, wherein the fluid systems are closed loop and are sealed to prevent 
substantial leakage of working fluid from the system. Existing heating and cooling fluid systems 
use flexible hoses, gaskets, clamps, and other seals to attempt to provide a sealed environment 
within the system. However, the material and structural characteristics of these mechanical 
components cause a slow loss of fluid from the fluid system over a period of time. The loss of 
fluid occurs due to evaporation as well as permeation of fluid and vapor through the materials of 
the components and the seals which connect the individual components of the system together. 
As used herein, permeability refers to the ease at which a fluid or vapor transports through a 
material. 

One example of a cooling system is a system for cooling the engine in an automobile, 
whereby the cooling system uses rubber hoses, gaskets and clamps. As stated above, the 
structural and mechanical characteristics of these devices have a high permeability which allows 
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cooling fluid to escape from the system at a high rate. Nonetheless, it is common in the 
automotive industry for automotive manufacturers to recommend frequent checks of the fluid 
level in the cooling system and occasional refilling of the lost fluid. The requirement for fluid 
refilling in automotive applications is tolerated, because of the low cost and high mechanical 
reliability of the materials of which the components are made. 

However, for a closed loop fluid system which regulates the temperature of a circuit in a 
personal computer, server, or other electronic device, there can be no such requirement for 
customers to check and refill fluid levels in the cooling systems. In microprocessor cooling 
systems, replacing fluid which has been lost would be very burdensome and expensive due to the 
difficulty of dismantling the cooling system and replacing the small scale components. In 
addition, refilling of fluid in a microprocessor cooling system would cause great potential for 
equipment failures, safety risks, and loss of data owing to a short circuit caused by spilled fluid. 
In essence, it is desired that the microprocessor cooling system operate for the entire life of the 
product without requiring any periodic maintenance. Therefore, containment of the circulating 
fluid in the cooling system is a design goal in electronic systems cooling equipment, and the use 
of fluids in computer equipment cooling systems is commercially feasible if there is no risk of 
fluid or vapor escaping from the cooling system. 

Cooling systems using fluids which regulate the temperature of a microprocessor exist in 
the market. However, the components in these existing cooling systems are made of plastic, 
silicone and rubber components which are secured together by hose clamps. The permeability 
and diffusion rates of single phase and two phase fluid through these components into the 
surrounding environment are unacceptably high due to the materials of which these components 
are made. The high permeability and diffusion rates of these materials make it almost 
impossible to prevent escape of the fluid from the cooling system. Therefore, the cooling system 
is not able to maintain its integrity over the expected life of the system and eventually dry up as 
well as create humidity within the computer chassis. 

What is needed is a hermetic closed loop fluid system for regulating the temperature of 
an electronic device in a product, whereby the fluid system is configured to prevent significant 



loss of fluid over the life of the product. 
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Summary of the Invention 

In one aspect of the present invention a closed loop fluid pumping system controls a 
5 temperature of an electronic device. The system comprises at least one pump, at least one heat 
exchanger coupled to the electronic device and configured to pass a fluid therethrough, wherein 
the fluid performs thermal exchange with the electronic device, at least one heat rejector, and 
fluid interconnect components to couple the at least one pump, the at least one heat exchanger 
and the at least one heat rejector, wherein the closed loop fluid pumping system losses up to a 

10 predetermined maximum amount of the fluid over a desired amount of operating time. The fluid 
can be a single phase fluid. The fluid can be a two phase fluid. The at least one pump can be 
made of a material having a desired permeability. The at least one pump can be made of a metal, 
a ceramic, a glass, a plastic, a metalized plastic, or any combination thereof. The fluid 
interconnect components can be made of a material with a desired permeability. The fluid 

1 5 interconnect components can be made of a metal, a ceramic, a glass, a plastic, a metalized 

plastic, or any combination thereof. The fluid interconnect components can be coupled to the at 
least one pump, the at least one heat exchanger, and the at least one heat rejector by adhesives, 
solder, welds, brazes, or any combination thereof. The fluid interconnect components can 
include a sealing collar configured to be positioned between the at least one pump, the at least 

20 one heat exchanger, or the at least one heat rejector and a fluid tube. The sealing collar can 

include a thermal expansion coefficient substantially similar to a thermal expansion coefficient 
of the at least one pump, the at least one heat exchanger, or the at least one heat rejector to which 
the sealing collar is coupled. The sealing collar can include a ductility characteristic to provide a 
sealed junction with the fluid tube. The sealing collar can be sealably coupled to the at least one 

25 pump, the at least one heat exchanger, or the at least one heat rejector and the fluid tube using 
compression fitting. The closed loop fluid pumping system can lose less than 0.89 grams of 
fluid per year. The closed loop fluid pumping system can lose less than 1.25 grams of fluid per 
year. The closed loop fluid pumping system can lose less than 2.5 grams of fluid per year. 
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In another aspect of the present invention, a closed loop fluid pumping system controls a 
temperature of an electronic device. The system comprises at least one pump, at least one heat 
exchanger coupled to the electronic device and configured to pass a fluid therethrough, wherein 
the fluid performs thermal exchange with the electronic device, at least one heat rejector, and 
5 fluid interconnect components to couple the at least one pump, the at least one heat exchanger 
and the at least one heat rejector, wherein the closed loop fluid pumping system losses less than 
0.89 grams of fluid per year. The fluid can be a single phase fluid. The fluid can be a two phase 
fluid. The at least one pump can be made of a material having a desired permeability. The at 
least one pump can be made of a metal, a ceramic, a glass, a plastic, a metalized plastic, or any 

10 combination thereof. The fluid interconnect components can be made of a material with a 

desired permeability. The fluid interconnect components can be made of a metal, a ceramic, a 
glass, a plastic, a metalized plastic, or any combination thereof. The fluid interconnect 
components can be coupled to the at least one pump, the at least one heat exchanger, and the at 
least one heat rejector by adhesives, solder, welds, brazes, or any combination thereof. The fluid 

1 5 interconnect components can include a sealing collar configured to be positioned between the at 
least one pump, the at least one heat exchanger, or the at least one heat rejector and a fluid tube. 
The sealing collar can include a thermal expansion coefficient substantially similar to a thermal 
expansion coefficient of the at least one pump, the at least one heat exchanger, or the at least one 
heat rejector to which the sealing collar is coupled. The sealing collar can include a ductility 

20 characteristic to provide a sealed junction with the fluid tube. The sealing collar can be sealably 
coupled to the at least one pump, the at least one heat exchanger, or the at least one heat rejector 
and the fluid tube using compression fitting. 

In yet another aspect of the present invention, a closed loop fluid pumping system 
controls a temperature of an electronic device. The system comprises at least one pump, at least 

25 one heat exchanger coupled to the electronic device and configured to pass a fluid therethrough, 
wherein the fluid performs thermal exchange with the electronic device, at least one heat 
rejector, and fluid interconnect components to couple the at least one pump, the at least one heat 
exchanger and the at least one heat rejector, wherein the closed loop fluid pumping system losses 
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less than 1 .25 grams of fluid per year. The fluid can be a single phase fluid. The fluid can be a 
two phase fluid. The at least one pump can be made of a material having a desired permeability. 
The at least one pump can be made of a metal, a ceramic, a glass, a plastic, a metalized plastic, 
or any combination thereof. The fluid interconnect components can be made of a material with a 
5 desired permeability. The fluid interconnect components can be made of a metal, a ceramic, a 
glass, a plastic, a metalized plastic, or any combination thereof. The fluid interconnect 
components can be coupled to the at least one pump, the at least one heat exchanger, and the at 
least one heat rejector by adhesives, solder, welds, brazes, or any combination thereof. The fluid 
interconnect components can include a sealing collar configured to be positioned between the at 

10 least one pump, the at least one heat exchanger, or the at least one heat rejector and a fluid tube. 
The sealing collar can include a thermal expansion coefficient substantially similar to a thermal 
expansion coefficient of the at least one pump, the at least one heat exchanger, or the at least one 
heat rejector to which the sealing collar is coupled. The sealing collar can include a ductility 
characteristic to provide a sealed junction with the fluid tube. The sealing collar can be sealably 

15 coupled to the at least one pump, the at least one heat exchanger, or the at least one heat rejector 
and the fluid tube using compression fitting. 

In still yet another aspect of the present invention, a closed loop fluid pumping system 
controls a temperature of an electronic device. The system comprises at least one pump, at least 
one heat exchanger coupled to the electronic device and configured to pass a fluid therethrough, 

20 wherein the fluid performs thermal exchange with the electronic device, at least one heat 

rejector, and fluid interconnect components to couple the at least one pump, the at least one heat 
exchanger and the at least one heat rejector, wherein the closed loop fluid pumping system losses 
less than 2.5 grams of fluid per year. The fluid can be a single phase fluid. The fluid can be a 
two phase fluid. The at least one pump can be made of a material having a desired permeability. 

25 The at least one pump can be made of a metal, a ceramic, a glass, a plastic, a metalized plastic, 

or any combination thereof. The fluid interconnect components can be made of a material with a 
desired permeability. The fluid interconnect components can be made of a metal, a ceramic, a 
glass, a plastic, a metalized plastic, or any combination thereof. The fluid interconnect 
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components can be coupled to the at least one pump, the at least one heat exchanger, and the at 
least one heat rejector by adhesives, solder, welds, brazes, or any combination thereof. The fluid 
interconnect components can include a sealing collar configured to be positioned between the at 
least one pump, the at least one heat exchanger, or the at least one heat rejector and a fluid tube. 
5 The sealing collar can include a thermal expansion coefficient substantially similar to a thermal 
expansion coefficient of the at least one pump, the at least one heat exchanger, or the at least one 
heat rejector to which the sealing collar is coupled. The sealing collar can include a ductility 
characteristic to provide a sealed junction with the fluid tube. The sealing collar can be sealably 
coupled to the at least one pump, the at least one heat exchanger, or the at least one heat rejector 

1 0 and the fluid tube using compression fitting. 

In another aspect of the present invention, a method of manufacturing a closed loop fluid 
pumping system controls the temperature of an electronic device. The method comprises 
forming at least one heat exchanger to be configured in contact with the electronic device and to 
pass a fluid therethrough, wherein the fluid performs thermal exchange with the electronic 

15 device, forming at least one pump, forming at least one heat rejector, forming fluid interconnect 
components, and coupling the at least one heat exchanger to the at least one pump and to the at 
least one heat rejector using the fluid interconnect components, thereby forming the closed loop 
fluid pumping system, wherein the closed loop fluid pumping system is formed to loss less than 
a predetermined amount of the fluid over a desired amount of operating time. The fluid can be a 

20 single phase fluid. The fluid can be a two phase fluid. The at least one pump can be formed of a 
material having a desired permeability. The at least one pump can be formed of a metal, a 
ceramic, a glass, a plastic, a metalized plastic, or any combination thereof. The fluid 
interconnect components can be formed of a material with a desired permeability. The fluid 
interconnect components can be formed of a metal, a ceramic, a glass, a plastic, a metalized 

25 plastic, or any combination thereof. The fluid interconnect components can be coupled to the at 
least one pump, the at least one heat exchanger, and the at least one heat rejector by adhesives, 
solder, welds, brazes, or any combination thereof. The fluid interconnect components can 
include a sealing collar configured to be positioned between the at least one pump, the at least 
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one heat exchanger, or the at least one heat rejector and a fluid tube. The sealing collar can 
include a thermal expansion coefficient substantially similar to a thermal expansion coefficient 
of the at least one pump, the at least one heat exchanger, or the at least one heat rejector to which 
the sealing collar is coupled. The sealing collar can include a ductility characteristic to provide a 
sealed junction with the fluid tube. The sealing collar can be sealably coupled to the at least one 
pump, the at least one heat exchanger, or the at least one heat rejector and the fluid tube using 
compression fitting. The closed loop fluid pumping system can lose less than 0.89 grams of 
fluid per year. The closed loop fluid pumping system can lose less than 1 .25 grams of fluid per 
year. The closed loop fluid pumping system can lose less than 2.5 grams of fluid per year. 

Brief Description of the Drawings 

Figure 1 illustrates a block diagram of the hermetic closed loop fluid system in 
accordance with the present invention. 

Figure 2 illustrates a general schematic of a component for use in the hermetic closed 
loop fluid system of the present invention. 

Figure 3 illustrates a detailed cross sectional view of a first interconnection between a 
pump, or component, port and a fluid tube for use in the hermetic closed loop fluid system of the 
present invention. 

Figure 4 illustrates a second interconnection between the fluid tube and the component 

port. 

Figure 5 illustrates a third interconnection between the fluid tube and the component 

port. 

Figure 6 illustrates a fourth interconnection between the fluid tube and the component 

port. 

Figure 7 illustrates a first housing interconnect for the housing of the pump. 
Figure 8 illustrates a second housing interconnect for the housing of the pump. 
Figure 9 illustrates a housing and a fluid tube sealed according to a simultaneous multiple 
compression sealing process. 
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Detailed Description of the Present Invention 

Figure 1 illustrates a block diagram of a hermetic closed loop fluid system 100 in 
accordance with the present invention. As shown in Figure 1, the hermetic closed loop system 
100 preferably cools an electronic device 99 such as a computer microprocessor. The fluid 
system 100 preferably includes at least one pump 106, at least one heat exchanger 102 and at 
least one heat rejector 104. As shown in Figure 1, the heat exchanger 102 is coupled to the heat 
rejector 104 by one or more fluid lines 108. In addition, the heat rejector 104 is coupled to the 
pump 106 by one or more fluid lines 108. Similarly, the pump 106 is coupled to the heat 
exchanger 102 by one or more fluid lines 108. It is apparent to one skilled in the art that the 
present system 100 is not limited to the components shown in Figure 1 and alternatively includes 
other components and devices. 

The purpose of the hermetic closed fluid loop 100 shown in Figure 1 is to capture heat 
generated by the electronic device 99. In particular, the fluid within the heat exchanger 102 
performs thermal exchange by conduction with the heat produced via the electronic device 99. 
The fluid within the system 100 can be based on combinations of organic solutions, including 
but not limited to propylene glycol, ethanol and isopropanol (IP A). The fluid used in the present 
system 100 also preferably exhibits a low freezing temperature and has anti-corrosive 
characteristics. Depending on the operating characteristics of the fluid system 100 and the 
electronic device 99, in one embodiment, the fluid exhibits single phase flow while circulating 
within the system 100. In another embodiment, the fluid is heated to a temperature to exhibit 
two phase flow, wherein the fluid undergoes a phase transition from liquid to a vapor or 
liquid/vapor mix. As will be discussed below, the amount of fluid which escapes from the 
system over a given time depends on whether the fluid exhibits single or two phase 
characteristics. 

The heated fluid flows out from the heat exchanger 102 via the fluid lines 108 to the heat 
rejector 104. The heat rejector 104 transfers the heat from the heated fluid to the surrounding air, 
thereby cooling the heated fluid to a temperature which allows the fluid to effectively cool the 
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heat source 99 as it re-enters the heat exchanger 102. The pump 106 pumps the fluid from the 
heat rejector 104 to the heat exchanger 102 as well as circulates the fluid through the cooling 
system 100 via the fluid lines 108. The cooling system 100 thereby provides efficient capture 
and movement of the heat produced by the electronic device 99. 
5 Preferably the pump 106 is an electroosmotic type pump shown and described in co- 
pending Patent Application Serial No. (Cool-00700\ filed , which is hereby 

incorporated by reference. However, it is apparent to one skilled in the art that any type of pump 
is alternatively contemplated. Preferably, the heat exchanger 102 is shown and described in co- 
pending Patent Application Serial No. (Cool-0 1301V filed , which is hereby 

10 incorporated by reference. However, it is apparent to one skilled in the art that any type of heat 
exchanger is alternatively contemplated. Preferably, the heat rejector 104 is shown and described 

in co-pending Patent Application Serial No. (C00I-OO6OR filed , which is hereby 

incorporated by reference. However, it is apparent to one skilled in the art that any type of heat 
rejector is alternatively contemplated. 

1 5 The closed loop fluid system 1 00 of the present invention is hermetic and is configured to 

minimize loss of the fluid in the system and to maintain a total volume of the fluid in the system 
above a predetermined quantity over a desired amount of time. In particular, an acceptable 
amount of fluid loss, or acceptable threshold of hermeticity, in the present system 100 is defined 
based on variety of factors including, but not limited to, the type and characteristics as well as 

20 the expected life of the product which utilizes the present system 100 within. The life of the 

product depends on the nature of the product as well as other factors. However, for illustration 
purposes only, the life of the product herein is designated as 10 years, although any amount of 
time is alternatively contemplated. The present system 100 achieves a hermetic environment by 
utilizing components which comprise the desired dimensions and materials to minimize the fluid 

25 loss over a predetermined amount of time. Such components include, but are not limited to, the 
heat exchanger 102, heat rejector 104, pump 106 and fluid lines 108 (Figure 1). Consideration 
must also be made for the interconnections between each of the components and the potential 



9 



PATENT 

Atty. Docket No. COOL-02100 

fluid loss resulting therefrom. 

For the fluid system of the present invention 100 to properly operate, a sufficient amount 
of liquid fluid must be available at the inlet of the pump 106 at all times to allow the pump 106 
to continue pumping the fluid throughout the system 100. The total amount of liquid volume 
5 depends on a variety of factors including, but not limited to, the type of pump, heat exchanger 
and heat condensor used, whether the heat-transfer process involves single-phase or two-phase 
flow, and the materials used. 

For closed loop fluid systems, preferred designs are those which retain fluids through the 
choice of materials and design of connections. Preferably, the closed-loop fluid system for 

10 electronic cooling will lose less than 0.89 gm of fluid/year. Alternately, the closed loop fluid 
system for electronics cooling will lose less than 1 .25 gm of fluid/year. Still alternately, the 
closed-loop fluid system for electronics cooling will lose less than 2.5 gm of fluid/year. It 
should be noted that these values are for illustration purposes only, and the present invention is 
not limited to these values or parameters. 

15 The fluid escapes from the fluid system 100 by permeation of the components used. 

Diffusion occurs when a single phase or two phase fluid travels through a material from one side 
to the other side over a period of time. Within the setting of a closed loop fluid system, the fluid 
escapes from the system to the surroundings of the system by "leaking" through the actual 
material of the components. The rate of diffusion of the fluid through the material is dependent 

20 on the permeability characteristics of the material, which is a function of temperature. In 
addition, the rate of diffusion of the fluid is dependent on the surface area and thickness 
dimensions of the components which enclose the fluid. For instance, fluid within a fluid tube 
108 having a certain diameter and thickness will diffuse through the tube 108 at a slower rate 
than through a fluid tube 108 of the same material having a larger diameter and a smaller 

25 thickness. In a fluid system which circulates fluid with at least some finite amount of vapor, the 
pressure differential between the pressure inside and outside of the component affects the rate of 
diffusion of the fluid. In other words, the pressure from a two phase fluid, or single phase fluid 
with a finite amount of vapor, is capable of diffusing the vapor into and through the material of 
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the component. Therefore, the dimensions of the component, the pressure of the fluid, as well as 
the material of the component determine the rate at which the fluid diffuses or escapes from the 
system 100. 

In addition, the pressure versus temperature relationship of a two phase fluid is a factor in 
5 determining the liquid- vapor transition temperature which determines the operating temperature 
of the fluid in the cooling loop system 100. For instance, to achieve a boiling point at a lower 
temperature than under ambient pressure, the overall pressure within system 100 is reduced to 
the desired level. However, if the partial pressure in the air surrounding the outside of the 
component is lower than the pressure within the component, there will be a pressure differential 

10 for that gas species. The pressure differential will then tend to cause the vapor within the 

component to diffuse through the component material to the surrounding area to equalize the 
pressure between the interior of the component and the surroundings of the component. The 
permeability of vapor through the walls of the component is defined in terms of cubic 
centimeters (cm 3 ) of vapor at standard temperature and pressure (STP) which is diffused per unit 

1 5 area of a given thickness and pressure difference. 

Alternatively, for the case where the interior of the system is at a very low pressure, and 
there is a gas species in the surrounding atmosphere at a relatively high pressure, diffusion can 
allow movement of gas from the outside to the inside. For example, a cooling loop filled with 
fluid and some 0 2 and H 2 gas will have essentially no N 2 gas on the inside. Exterior to the loop, 

20 the surrounding air contains a relatively high fraction of N 2 gas, so that the partial pressure of N 2 
on the outside of the loop might be as much as 70% of an atmosphere. 70% of an atmosphere is 
a net pressure difference forcing diffusion of nitrogen from the outside to the inside. In the 
preferred embodiment of the present invention, the system is designed to account for the gas 
species in the surrounding air as well as for the gas species trapped within the loop. 

25 The hermetic closed loop fluid system 100 of the present invention utilizes components 

which are made of low permeable materials and configures the components according to proper 
dimensions thereby minimizing loss of fluid over the desired operating life of the system 100. In 
addition to the components, the fittings and coupling members used in the present system 100 
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are made of materials having a low permeability. Therefore, the components, fittings, and 
coupling members within the system 100 of the present invention are preferably made of 
ceramics, glass and/or metals. Alternatively, the components are made of any other appropriate 
material which allows a fluid permeability rate of less than 0.01 grams millimeters per meter 
5 squared per day (gm-mm/m 2 -day). Such appropriate materials include, but are not limited to, 
metal, ceramic, glass, plastic, metalized plastic, and any combination thereof. 

As stated above, the amount of a single phase fluid which permeates through a 
component being made of a material having a permeability rate of 0.01 gm-mm/m 2 -day in one 
year depends on the dimensions of the component. For instance, a component in the system 100 

10 having a total surface area of 100 cm 2 and a wall thickness of 1 mm will have a fluid loss of less 
than 0.4 cm 3 in a ten year period. It should be noted that these dimensions are exemplary and 
any other length, width and thickness dimensions (Figure 2) are contemplated. It should also be 
noted that the dimensions and rates described herein are approximations. 

Table 1 lists the approximate permeability rates of Hydrogen, Oxygen, and Nitrogen 

1 5 through various materials. 



Barrier Material 


Diffusing Species 


Permeability Coefficient 
(cm 3 (STP)-mm/m 2 /day) 


Polyethylene (HDPE) 


Nitrogen 


14 


Polyethylene (HDPE) 


Hydrogen 


126 


Polyethylene (HDPE) 


Oxygen 


40 


Polyethylene (HDPE) 


Water Vapor 


300 


Polyester (PET) 


Nitrogen 


0.4 


Polyester (PET) 


Hydrogen 


40 


Polyester (PET) 


Oxygen 


1.1 


Polyester (PET) 


Water Vapor 


250 


EVOH 


Nitrogen 


0.003 
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EVOH 


Hydrogen 


1 


EVOH 


Oxygen 


0.01 


EVOH 


Water Vapor 


300 


Polyimide (Kapton) 


Nitrogen 


30 


Polyimide (Kapton) 


Hydrogen 


1500 


Polyimide (Kapton) 


Oxygen 


100 


Polyimide (Kapton) 


Water Vapor 


300 i 


Copper 


Hydrogen 


< lxlO" 3 


Kovar 


Hydrogen 


< lxlO" 2 


Aluminum 


Hydrogen 


< lxlO- 5 


7740 glass 


Nitrogen 


< lxlO" 6 


Silicone Rubber 


Water Vapor 


2,000 


Polybutadiene Rubber 


Water Vapor 


20,000 



Consider the permeation of water vapor for a sealed, water-filled system. In an 
exemplary case, a water-filled system includes a surface area of 100 cm 2 , and a thickness of 1 
mm. Referring to Table 1, the permeation rate for water vapor through Polyethylene (HDPE) is 
about 3 cm 3 of water vapor at STP per day. This is approximately equivalent to 3x1 0" 3 cm 3 of 
liquid water loss per day, or about 1 mL loss per year. If any of the components of a polymer- 
based cooling loop are composed of silicone or polybutadiene rubber, these loss rates can be 10 - 
100 times worse. 

The ability for the fluid to diffuse through the inner walls of the components, which are 
made of the preferred materials discussed above, is significantly lower than through a plastic, 
silicone or rubber material. For example, the permeability of hydrogen gas through copper at 
room temperature is approximately lxl 0" 3 cm 3 (STP)-mm/m 2 /day. Therefore, a component, such 
as the fluid tube 108, made of copper which has a surface area of 100 cm 2 area and being 1 mm 
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thick, will allow a permeation or leakage rate of approximately 0.003 cm 3 of hydrogen gas/year. 
Over a 10 year period, the copper fluid tube 108 will allow less than 0.03 cm 3 of hydrogen to 
escape into or out of the system 100. These calculations are all based on a situation with an 
atmosphere (100 kPa) of H 2 pressure on one side of the barrier and no H 2 on the other side, 
which is an extreme case. 

The permeability rate of nitrogen gas through the 7740 glass material is between 1 and 2 
x 10" 16 cmVsec, which converts to about 1x10-6 cm 3 (STP)-mm/m 2 /day. For example, a 
component in the fluid system 100 made of 7740 glass which has a surface area of 100 cm 2 and a 
thickness of 1 mm will allow less than 4 x 10" 5 cm 3 of STP nitrogen into or out of the system in a 
year, and less than 4x10^ cm 3 of STP nitrogen into or out of the system in 10 years. In contrast, 
nitrogen permeability in polyethylene can be as high as 100 cm 3 (STP)-mm/m 2 -day. Thus, if the 
present system 100 operates with an internal volume of 100 cm 3 of fluid, 90% of which is liquid 
and 10 % of which is vapor, the permeability value of the polyethylene would allow almost all of 
the pressurized vapor to diffuse through the walls of the components in a short amount of time. 
In other words, nitrogen gas will diffuse through the walls of a component in the present system 
100 made of 7740 glass 10 7 times slower than if the component was made of polyethylene. 

Other materials, such as Polyester and Ethylene Vinyl Alcohol Copolymer (EVOH) have 
lower permeability values compared to polyethylene. However, polyester has a permeability of 
approximately 1 cm 3 (STP)-mm/m 2 /day for oxygen and approximately 0.4 cm 3 (STP)- 
mm/m 2 /day for nitrogen, and EVOH has a permeability of approximately 0.003 cm 3 (STP)- 
mm/m 2 /day for nitrogen and approximately 0.01 cm 3 (STP)-mm/m 2 /day for oxygen. Although 
EVOH and polyester are generally a preferred choice of organic material used in other sealing 
environments, such as for food packaging, they are inadequate for hermetic cooling loop 
applications. Compared to the metal materials, the permeability numbers are about 1000 times 
higher for the organic materials. For cases where there is possible presence of hydrogen, the 
much larger permeability numbers for hydrogen in the organic materials make them 
unacceptable for hermetic loop applications. The permeability of hydrogen for both polyester 
and EVOH are 50 times or more worse than for nitrogen and oxygen, and would allow very 
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significant hydrogen diffusion. 

Very thin films of aluminum are currently used in food packaging, and are known to 
significantly reduce the water vapor permeation through mylar films. For example, 100-300 
angstroms of aluminum reduces the permeation rate through a plastic film to less than 5 (cm 3 
5 (STP) mm/m 2 /day), which is almost 10 times better than any mm-thickness of any of the 

polymer films in Table 1, and this residual permeation rate is attributed to defects in the film. 
Macroscopic metal structures do not exhibit any measurable permeation of water vapor or any 
atmospheric constituents. 

In addition, the above permeability values for polyethylene, polyester and EVOH are 

10 provided at Standard Temperature and Pressure. As stated above, closed loop fluid system 
usually operate at temperatures and pressure above the STP temperature range, whereby the 
permeability values increase with increased temperatures. Therefore, the vapor within a system 
utilizing polyethylene, polyester or EVOH components will diffuse through the components at 
faster rate than the figures mentioned herein. 

15 The type of fluid used within the closed loop system 100 is a design decision, and 

therefore, the diffusion species contemplated by the present invention can extend beyond 
nitrogen, oxygen, and hydrogen, as shown in Table 1 . Where other diffusion species are 
contemplated, the choice of barrier material is preferably determined as to minimize diffusion of 
the diffusion species through the barrier material. 

20 The components in the system 100 of the present invention which are made of metal are 

preferably sealed by soldering, welding, brazing, or crimping. Components used in the present 
system 100 which are made of glass parts are preferably sealed with sealing glass, solder or by 
fusing. Components used in the present system 100 which are made of ceramic material are 
preferably sealed with ceramic-based epoxy or sealed by soldering. 

25 Figure 3 illustrates a first interconnection between the fluid tube 108 and a component 

port 110. As illustrated in Figure 3, the component port 110 comprises the inlet port of the pump 
housing 106. The fluid tubes 108 are preferably made of Copper, whereby each Copper tube 108 
is preferably coupled to each component port 110 with a sealing collar 1 12. Alternatively, the 
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fluid tubes 108 are made of another appropriate material having a desired low permeability. As 
shown in Figure 3, the inlet fluid tube 108 is coupled to the inlet fluid port 1 10 of the pump 106, 
whereby the sealing collar 1 12 is positioned between the inner surface of the fluid tube 108 and 
the inner surface of the fluid port 1 10. The sealing collar 1 12 is preferably made of Tungsten or 
5 any other appropriate material which has a coefficient of thermal expansion (CTE) that closely 
matches the material of the fluid port 1 10. Unless the pump 106 is made of the same material as 
the fluid tube 108, the CTE of the sealing collar 1 12 material will probably not match that of the 
fluid tube 108 material. However, the sealing collar 1 12 is preferably selected to have an 
appropriate ductility to maintain a seal with the fluid tube 108 material regardless of the amount 

10 of expansion or contraction experienced by the fluid tube 108. Although the sealing collar 1 12 is 
described in relation to the inlet port 1 10 of the pump 106, it is apparent to one skilled in the art 
that the sealing collar 1 12 is also preferably utilized between the fluid tubes and the inlet and 
outlet ports of the other components in the present system 100. 

The sealing collar 1 12 is preferably coupled to the fluid hose 108 and the inlet port 110 

1 5 using compression fitting. Compression fitting is preferably accomplished by heating the pump 
housing 107, thereby increasing the size of the inlet port 1 10. A first end of the sealing collar 
1 12 is then placed in the expanded inlet port 1 10, and the housing 107 is allowed to cool, and 
contract, forming a seal around the sealing collar 1 12. Similarly, the fluid tube 108 is heated, 
whereby the fluid tube 108 expands to allow a slip fit over a second end of the sealing collar 1 12. 

20 The sealing collar 1 12 is then inserted in the expanded fluid tube 108, and the fluid tube 108 is 
allowed to cool, and contract, forming a seal around the sealing collar 112. The compression 
fitting of the inlet port 110 and the fluid tube 108 to the sealing collar 1 12 can be accomplished 
by first coupling the sealing collar 1 12 to the inlet port 110 and then coupling the sealing collar 
1 12 to the fluid tube 108, as described above, or by reversing the steps. Alternatively, the 

25 sealing collar 1 12 can be coupled to the inlet port 110 and the fluid tube 108 simultaneously, that 
is by heating both the housing 107 and the fluid tube 108, and then inserting the first end of the 
sealing collar 1 12 in the expanded inlet port 110 and inserting the second end of the sealing 
collar 1 12 in the expanded fluid hose 108. The housing 106 and the fluid tube 108 are then both 
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allowed to cool, and contract, forming a seal around the first and second ends of the sealing 
collar 112. 

Figure 4 illustrates a second interconnection between the fluid tube 108 and a component 
port 110. As shown in Figure 4, the fluid tube 108 is coupled directly to the inlet port 1 10. The 
interconnection between the fluid tube 108 and the inlet port 1 10 is preferably accomplished by 
compression fitting, whereby the housing 107 is heated to a sufficiently high temperature to 
expand the inlet port 110. The fluid tube 108 is then inserted into the expanded inlet port 110 
and held in place while the housing 106 cools. As the housing cools, it contracts thermally, and 
the inlet port 110 also contracts, eventually forming a compression seal around the fluid tube 
108. Preferably, the fluid tube 108 is comprised of a sufficiently ductile material such that when 
the inlet port 110 contracts around the fluid tube 108, the fluid tube 108 does not crack or break. 
The amount of compression can be controlled to avoid cracking the housing 106 yet still cause 
some compression of the fluid tube 108. 

Figure 5 illustrates a third interconnection between the fluid tube 108 and a component 
port 110. As shown in Figure 5, a sealing material 120 is placed between the inner surface of the 
inlet port 1 10 and the outer surface of the fluid tube 108. The fluid tube 108 is preferably 
coupled to the inlet port 1 10 by compression fitting, as described above in relation to Figure 4. 
The permeation rate of the sealing material is proportional to the seal area divided by the seal 
length. As related to Figure 5, the seal area is approximately equal to the radius of fluid tube 108 
times the width W of the sealing material 120 times 2 times Pi. The seal length is the length L of 
the sealing material 120. 

The sealing material 120 is preferably solder, although sealing glass or epoxy can also be 
used. Alternatively, any sealing material with a permeability rate that provides a hermetic seal 
with a diffusion rate within a predetermined range can be used. Solder forms a particular 
effective hermetic seal. Solder can be applied to metals that have had proper surface treatments, 
glasses, and ceramics. When solder is applied to glass and ceramic, the glass and ceramic are 
preferably metalized prior to applying the solder. Solder melting temperatures can be selected 
over a broad range. A series of different solders with successively lower melting temperatures 
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can also be used to allow a sequential sealing of joints. In addition to providing a hermetic seal, 
solder is also advantageous because it's ductility allows some mismatch between the thermal 
expansion coefficients of the housing, solder, and tube materials. 

In general, epoxies have marginal or poor permeabilities for vapor diffusion, and are not 
5 a preferable choice for a joint material. However, in certain configurations, the area/length ratio 
of the epoxy can be very low, so that there is very little exposed area and a very long path for 
diffusion from the inside to the outside of the component. If such a configuration is used, the 
epoxy permeability is acceptable. 

Sealing glasses are also known to have very low permeabilities, and can be used as 

10 hermetic sealing compounds in joints between metals and glass. Sealing glass is generally a 
brittle material, so this kind of arrangement requires that the thermal expansion coefficients of 
the housing, tube and sealing glass are similar. The sealing glass generally hardens at a 
relatively high temperature, e.g. greater than 400 degrees Celsius, so the thermal expansion of 
the housing, tube, and sealing glass are preferably similar over the range of temperatures from 

1 5 the seal temperature to the use temperatures. There are a wide variety of sealing glasses with 
varying thermal expansion coefficients, and there are wide varieties of metal tube materials 
which have thermal expansion coefficients over a broad range. Careful selection of the tube 
material and the seal material can allow use with most glass or ceramic housing materials. 

Figure 6 illustrates a fourth interconnection between the fluid tube 108 and a component 

20 port 1 10. In this fourth interconnection, the width of the inlet port 1 10 is not constant through 
the entire width of the housing 107. Instead, the width of the inlet port 1 10 narrows at some 
point within the housing 107, thereby creating a stop. The fluid tube 108 is inserted into the inlet 
port 1 10 to a point that is short of the stop by an end gap distance g. A sealing material 122 
forms a seal between the fluid tube 108 and housing 107, where the sealing material 122 also 

25 forms a seal of end gap width g between the end of the fluid tube and the stop within the housing 
107. Forming the stop and providing the sealing material 122 with a small gap distance g acts to 
reduce the exposed surface area of the sealing material 122, which reduces diffusion. 

A sealing material can also be used in the case where the fluid tube 108 is coupted to the 
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inlet port 1 10 via the sealing collar 1 12, as described above in relation to Figure 3. In this case, 
the sealing material can be placed between the outer surface of the first end of the sealing collar 
1 12 and the inner surface of the inlet port 110. The sealing material can also be placed between 
the outer surface of the second end of the sealing collar 112 and the inner surface of the fluid 
5 tube 108. It is understood that the sealing material can be used to couple the sealing collar 1 12 
to the inlet port 1 10, or to couple the sealing collar 1 12 to the fluid tube 108, or a combination of 
the two. Further, the housing 107 is preferably comprised of a material with a thermal expansion 
coefficient sufficiently large such that heating the housing 107 to a relatively high temperature, 
e.g. 400 degrees Celsius or higher, sufficiently expands the inlet port 1 10 to allow insertion of 

10 the fluid tube 108, the sealing collar 1 12, and/or the sealing material 120,122. 

Although the housing 107 is described as a single unit, the housing 107 is preferably 
comprised of a plurality of pieces which are coupled together. Figure 7 illustrates a first housing 
interconnect in which the housing 107 comprises two pieces, a left half portion 107A and a right 
half portion 107B, which are coupled together using a sealing material 124. As with the 

15 interconnections of the housing 107 and the fluid tube 108 described above in relation to Figures 
3-6, an objective when sealing the two housing portions 107A and 107B together is to minimize 
diffusion through the housing material and the sealing material 124. The permeation rate of the 
sealing material is proportional to the seal area divided by the seal length, as discussed above. 
Therefore, it is preferable to minimize the seal width W and/or increase the seal length L. To 

20 accomplish this, an end portion of the left half portion 107A that is in contact with the sealing 
material 124 and an end portion of the right half portion 107B that is in contact with the sealing 
material 124 are each preferably configured as a knob, thereby lengthening the end portion of the 
housing at the contact area with the sealing material 124. Preferably, the sealing material 124 is 
comprised of a low permeability material such as solder or sealing glass. Alternatively, the 

25 sealing material can be comprised of other materials such as epoxy. 

Although the first housing interconnection illustrated in Figure 7 shows each end portion 
of the left half portion 107 A and the right half portion B to be mirror images of each other, other 
end portion configurations are considered. Figure 8 illustrates a second housing interconnect in 
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which the end portion of the right half portion 107B' bends around a left half portion 107A'. 
The left half portion 107A 5 is coupled to the right half portion 107B 5 by a sealing material 126. 
The gap g formed where the right half portion 107B' bends around the left half portion 107 A' is 
preferably minimized thereby reducing the exposed surface area of the sealing material 126, 
5 which reduces diffusion. The two halves 107A' and 107B' are preferably coupled together using 
a compression seal. In this case, the right half portion 107B' is pre-heated to expand, the left 
half portion 107A'with sealing material 107 is then placed in contact with the right half portion 
107B', and the right half portion 107B' then contracts and seals upon cooling. The housing 107 
can be comprised of more than two separate pieces, which can be sealed together as described 

10 above. Each piece of the housing 107 can be similarly configured, as in Figure 7, uniquely 
configured, or a combination thereof. 

As illustrated in Figure 2-6, the portion of the housing 107 that comprises the inlet port 
110 preferably extends beyond the outer surface of the remaining portion of the housing 107. 
Alternatively, the inlet portion 1 10 is approximately flush with the housing 107. In this 

15 alternative case, the seal length L of the sealing material is smaller than the preferred case where 
the inlet port 110 extends outward from the remaining portion of the housing 107. 

When sealing multiple pieces of the housing 107, or when sealing the fluid tube 108 or 
the sealing collar 1 12 to the housing 107, the sealing process can be comprised of a series of 
successive seals, or multiple seals can be formed simultaneously. Figure 9 illustrates an 

20 exemplary pump configuration in which a right half portion 1 07B" and a left half portion 

107 A" of the housing 107 can be sealed together simultaneously with the sealing of a fluid tube 
108' and the right half portion 107B". In this case, the sealing is preferably performed using a 
compression seal where the right half portion 107B" is pre-heated to expand. The fluid tube 
108' and sealing material 120' are then inserted within an opening in the right half portion 

25 107B", and the left half portion 107A" and sealing material 128 are properly aligned with the 
right half portion 107B'\ As the right half portion 107B" cools, a compression seal is formed 
between the fluid tube 108' and the right half portion 107B'\ and the left half portion 107A" 
and the right half portion 107B". Preferably, the sealing material 120', 128 is placed on the fluid 



20 



PATENT 

Atty. Docket No. COOL-02100 

tube 108 and the left half portion 107A" prior to placing in contact with the right half portion 
107B'\ The sealing material 120', 128 melts and cures when contacted by the heated right half 
portion 107B". 

The present invention has been described in terms of specific embodiments incorporating 
details to facilitate the understanding of the principles of construction and operation of the 
invention. Such reference herein to specific embodiments and details thereof is not intended to 
limit the scope of the claims appended hereto. It will be apparent to those skilled in the art that 
modifications may be made in the embodiment chosen for illustration without departing from the 
spirit and scope of the invention. Specifically, the design configurations of the housing 106, and 
the housing portions 107A, 107A\ 107A", 107B, 107B', and 107B" are for exemplary purposes 
only and should by no means limit the design configurations contemplated by the present 
invention. Further, although the techniques for providing a hermetically sealed environment are 
described above in relation to the pump 106, it is also contemplated that the same, or similar 
techniques can also be applied to any other components within the closed loop system 100, or to 
any component within a hermetic system. 
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